Abstract. Aiming at the steel wire rope and its connecting mechanism, the modeling method and dynamic behavior analysis was carried out. The flexible multibody dynamics model of the rope was established by using cable element basing on the absolute nodal coordinate formation, while, other parts in the connecting mechanism were simplified as rigid bodies. The contact impact force between the flexible rope and other rigid bodies was incorporated into the dynamic model through the Hertz contact theory. Finally the rigid-flexible coupled dynamic model which can describe the large rotation and large displacement of the whole steel rope system was established. The simulation of the steel rope's dynamic model was presented. The results show that the developed model can be used in the analysis of dynamic behavior and the accurate control of the motion. The flexible wire rope may undergo large rigid body displacement and flexible deformation in the process of hoisting the load. In addition, the wire rope is in contact and collision with the drum and the pulley blocks in the course of movement. Therefore, in the process of establishing the dynamic model of the wire rope, it is necessary to consider the exact rigid-flexible coupled motion of the wire rope and the contact between the wire rope and other parts in the connecting mechanism. At present, the dynamic model of flexible multibody system is usually established by relative coordinate system method and absolute coordinate system method. Simo [1], Avello [2], Biakeu [3] use relative local coordinate system or element coordinate system to describe the large displacement and elastic deformation of flexible body. Shabana [4, 5] proposed the absolute node coordinate formulation (ANCF). In the ANCF, coordinates that consist of displacement and gradient degrees of freedom at the nodal points are employed. As the ANCF can accurately describe the large rotation, large displacement and large deformation of the flexible body, the ANCF has been widely applied to the dynamic analysis of flexible multibody system in different fields. In this paper, the flexible wire rope is modeled by the cable element based on the ANCF. The contact between the wire rope and other components of the system is introduced into the dynamic model through the Hertz contact theory and the point-surface detection method. Finally, the rigid-flexible coupled dynamic model was established. The remainder of the paper is organized as follows. The ANCF modeling method of the flexible body and the contact dynamic model was introduced in Sect.1. The multibody dynamics model of the wire rope connecting mechanism is established in Sect.2. Model's dynamic behavior is analyzed based on the self-developed solver in Sect.3. Conclusions are given in Sect.4.
Modeling Method of Multibody System Two Nodes ANCF Cable Element
Gerstmayr [6] has proposed the three-dimensional ANCF beam element with 2 nodes, and 6 degrees at each node, shown in Figure1. In the ANCF, the global position vector of an arbitrary point on the beam can be written as 1 2 3 [ ] T r r r = = r Se
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and the global slope of the nodes that are defined as 
The element shape function S is defined as [ ] (5) where I is a 3 × 3 identity matrix and the shape function are defined as 2  3  2  3  1  2   2  3  2  3  3  4 1 3 2 , 
Where 0 V is the volume, ρ is the mass density of the beam material, and
is the mass matrix of the element. The mass matrix is constant and symmetric. The strain energy of the element is defined as
Where E is module of elasticity, A is the beam cross area, l is the element length, J is the second moment of area, ε is the longitudinal strain, and κ is the curvature. Using the virtual work, the dynamic equations of the finite element can be defined as e e e + = M e F Q (9) where e e U = ∂ ∂ F e is the vector of elastic force, the detail derivation can be found in the literature [7] . e Q is the vector of the externally applied forces.
Modeling of Contact
The contact between the steel wire rope and the rigid parts can be simplified as the point-surface contact where the Gauss contact test points are distributed in the element.
The cable-to-rigid contact is showed in Figure2. According the Hertz contact theory [8] , the contact force at the contact points can be defined as
where n f , f τ are respect the normal contact force and tangential friction force; , n t are the contact normal and tangential unit vector.
Using the principle of virtual work, the generalized nodal forces contributed by the distributed contact force can be derived as
where S is the shape function of element.
The Motion Equations of Multibody System
Using equation (7) and equation (8) , the total kinetic energy and strain energy of flexible can be obtained by summing their element counterparts, 
where n and e n are respect the number of absolute nodes and elements of flexible body. Considering that the rigid body's motion equations can be described by Euler equations and by applying Lagrange's equation, dynamic equations of the total multibody system can be expressed as ( , , ) ( , )
where M is the system mass matrix, q is the vector of system generalized coordinates, λ is the vector of Lagrange multipliers, C(q, t) represents the constraint conditions and C q is constraint Jacobian matrix, ( , , ) t Qis the generalized force vector including Coriolis force, centrifugal force, external forces, etc. The above equations is the basis for the dynamic analysis of multibody systems, here the implicit BDF [9] is adopted to solve the motion equations.
Multibody Dynamics Model of the Steel Wire Rope System

Dynamics model of the Hoisting System
The model of the whole hoisting system is composed of flexible steel wire rope, hoisting drum, fixed pulley and two movable pulleys, shown in Figure1. The steel wire rope is considered as the flexible body and the others are considered as rigid bodies. The main parameters of the model are listed in Table. 1. The above mentioned 2 nodes cable element is used to model the steel wire rope and total 560 elements are used. For every five gauss contact detecting points are arranged in each element, and each element would be contacted with the other four rigid parts, so total 560*5*4=11200 point-surface contact pairs are included.
Boundary Conditions
The load conditions of the wire rope include the gravity of the initial load and the angular velocity applied to the drum. The angular velocity curve is shown in Figure. 4 and the total simulation time is 3s. 
Analysis of the Simulation
Based on the self-developed multibody dynamics solver, the dynamic model of the wire rope lifting mechanism is simulated and the velocity curve of the load is presented, as shown in Figure. The Calculated tension force of the steel rope is shown in Figure. 6. In 0s-1s, due to the application of the load, the axial tensile vibration of the wire rope is obvious. The ratio of the dynamic load to the static load of the wire rope can reach about 1.8, and the strain of the wire rope can reach 0.004. Due to the damping of the wire rope and the numerical damping of the calculation process, the wire rope's tension force tends to be smooth, and the amplitude of the axial vibration is gradually reduced. About 1s, the tension force tends to be stable. During the accelerated raising time (1s-2s) and the stable raising time (2s-3s), the change of wire rope's tension force is not much, and the dynamic load is about 1.03 times of the static load. In the process of hoisting the load, the wire rope contact with the drum and the pulley blocks at times. The associated contact force will change the stress environment of the flexible body, and finally it will affect the movement of flexible body, the flexible deformation and the stress distribution. The distribution of the contact impact force between the wire rope and the pulley is shown in Figure. 
Conclusions
The flexible steel wire rope was modeled basing on ANCF cable element and its rigid-flexible motion including big rotation, big displacement and flexible deformation can be exactly described. Through the point-surface contact testing method and Hertz contact theory, the contact-impact force was incorporated into the steel cable dynamic model, and the rigid-flexible coupled dynamic model including contact was established. Basing on the established model, the dynamics behavior of the steel rope was analyzed, and the dynamic responses such as the tensional load, the contact force distribution and the vibration frequency were calculated. The presented rigid-flexible coupled multibody dynamic model can provide basis in the dynamic analysis of cable structural systems and the accurate motion control.
